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&OLPDWHFKDQJHLVRQHRIWKHELJJHVWFKDOOHQJHVIDFLQJKXPDQNLQGIRUWKHQH[W
FHQWXU\:HH[SRVHKRZZHEXLOGD0RGHODERXWWKH'\QDPLFVRI,QHUWLDDQG
$GDSWDELOLW\LQHQHUJ\ V\VWHPV ',$0 WR VWXG\ WKHTXHVWLRQ6KDOOZHZDLW
DQRWKHUGHFDGH EHIRUH WDNLQJ FRVWO\ PHDVXUHV WR FXUE JUHHQKRXVH JDVHV
HPLVVLRQV8VLQJ SULPDULO\ 0DWKHPDWLFD ZH KDG WR XVH DOVR WKH *$06
ODQJXDJHQRWRQO\WREHXQGHUVWRRGE\RWKHUUHVHDUFKHUVLQRXUILHOGEXWDOVR
WRJDLQ DFFHVV WR D SRZHUIXO QRQ OLQHDU FRQVWUDLQHG RSWLPLVDWLRQ VROYHU ,W
VHHPVXUJHQWWREULGJHWKHJDSEHWZHHQWKHVHNLQGRIVROYHUVDQG0DWKHPDWLFD
EHFDXVHZKHQ RQH EXLOGV PRGHOV RI FRPSOH[ V\VWHPV LQWHUWHPSRUDO
RSWLPLVDWLRQLVRIWHQSUHIHUUHGWRUHFXUVLYHVLPXODWLRQ
,QWURGXFWLRQWRWKHLVVXHRIFOLPDWHFKDQJH
7KH,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH LQWURGXFHV WKH LVVXH RI
FOLPDWHFKDQJHDVIROORZV'XULQJWKHSDVWIHZGHFDGHVWZRLPSRUWDQWIDFWRUV
UHJDUGLQJWKH UHODWLRQVKLS EHWZHHQ KXPDQV DQG WKH (DUWK
V FOLPDWH KDYH
EHFRPHDSSDUHQW)LUVWKXPDQDFWLYLWLHVLQFOXGLQJWKHEXUQLQJRIIRVVLOIXHOV
ODQGXVHFKDQJHDQGDJULFXOWXUHDUH LQFUHDVLQJWKHDWPRVSKHULFFRQFHQWUDWLRQ
RIJUHHQKRXVH JDVHV ZKLFK WHQG WR ZDUP WKH DWPRVSKHUH DQG LQ VRPH
UHJLRQVDHURVROV PLFURVFRSLF DLUERUQH SDUWLFOHV ZKLFK WHQG WR FRRO WKH
DWPRVSKHUH7KHVHFKDQJHVLQJUHHQKRXVHJDVHVDQGDHURVROVWDNHQWRJHWKHU
DUHSURMHFWHG WR FKDQJH UHJLRQDO DQG JOREDO FOLPDWH DQG FOLPDWHUHODWHG
SDUDPHWHUVVXFK DV WHPSHUDWXUH SUHFLSLWDWLRQ VRLO PRLVWXUH DQG VHD OHYHO
6HFRQGVRPH KXPDQ FRPPXQLWLHV KDYH EHFRPHPRUH YXOQHUDEOH WR KD]DUGV
VXFKDVVWRUPVIORRGVDQGGURXJKWVDVDUHVXOWRILQFUHDVLQJSRSXODWLRQGHQVLW\
LQVHQVLWLYH DUHDV VXFK DV ULYHU EDVLQV DQG FRDVWDO SODLQV 3RWHQWLDOO\ VHULRXV
FKDQJHVKDYH EHHQ LGHQWLILHG LQFOXGLQJ DQ LQFUHDVH LQ VRPH UHJLRQV LQ WKH
LQFLGHQFHRI H[WUHPH KLJK WHPSHUDWXUH HYHQWV IORRGV DQG GURXJKWV ZLWK
UHVXOWDQWFRQVHTXHQFHV IRU ILUHV SHVW RXWEUHDNV DQG HFRV\VWHP FRPSRVLWLRQ
VWUXFWXUHDQGIXQFWLRQLQJLQFOXGLQJSULPDU\SURGXFWLYLW\
7RFRQWUROFOLPDWHFKDQJHWKHXOWLPDWHREMHFWLYHRIWKH81)UDPHZRUN
&RQYHQWLRQRQ&OLPDWH&KDQJHVLJQHGLQLQ5LRLVH[SUHVVHGLQ$UWLFOH
 VWDELOLVDWLRQ RI JUHHQKRXVH JDV FRQFHQWUDWLRQV LQ WKH DWPRVSKHUH DW D
OHYHOWKDWZRXOGSUHYHQWGDQJHURXVDQWKURSRJHQLFLQWHUIHUHQFHZLWKWKHFOLPDWH
V\VWHP6XFKDOHYHOVKRXOGEHDFKLHYHGZLWKLQDWLPHIUDPHVXIILFLHQWWRDOORZ
HFRV\VWHPVWRDGDSWQDWXUDOO\WRFOLPDWHFKDQJHWRHQVXUHWKDWIRRGSURGXFWLRQ
LVQRW WKUHDWHQHG DQG WR HQDEOH HFRQRPLF GHYHORSPHQW WR SURFHHG LQ D
VXVWDLQDEOHPDQQHU
6WDELOLVDWLRQRI JUHHQKRXVHJDV FRQFHQWUDWLRQV LPSOLHV VZLWFKLQJ IURP
WKHSUHVHQWJURZLQJHPLVVLRQVWUHQGWRDGHFUHDVLQJHPLVVLRQVSDWK7KDWUDLVHV
PDQ\FRPSOH[ LVVXHV WKDW FDQ
W EH DGUHVVHG DOO DW WKH VDPH WLPH ,Q ZKDW
IROORZVZHQHJOHFWHGWKHPXOWLSOLFLW\RIFRXQWULHVDQGRIJUHHQKRXVHJDVHVWR
IRFXVRQWKHTXHVWLRQRIWKHWLPLQJRIDEDWHPHQW+RZIDVWVKRXOGZHUHIRUP
WKHHQHUJ\V\VWHPVWRXVHOHVVIRVVLOIXHOV"
7KHUHDUHUHDVRQVWRWKLQNWKDWLWZRXOGEHFKHDSHUWRZDLWDGHFDGHRU
WZREHIRUHLPSOHPHQWLQJHQHUJ\VDYLQJSROLFLHVFRPSDUDEOHWRWKHRQHVPDQ\
FRXQWULHVOHGLQWKHODWH
V)LUVWWHFKQLFDOSURJUHVVLPSOLHVWKDWLQWKHIXWXUH
UHIRUPLQJWKH HQHUJ\ V\VWHP ZLOO EH HDVLHU 6HFRQG GLVFRXQWLQJ PDNHV WKH
SUHVHQWYDOXHRIDQ\FRVW LQFXUUHG OHVV LI LW LVGHIHUUHG7KLUGDQG ILQDOO\ WKH
H[LVWLQJLQVWDOOHG SK\VLFDO FDSLWDO VWRFN LPSOLHV WKDW DQ\ UHIRUP VKRXOG VWDUW
YHU\VORZO\WKHUHLVLQHUWLDLQHQHUJ\V\VWHPV%XWEHFDXVHWKHFOLPDWHV\VWHP
LVQRQOLQHDUZHH[SHFWVXUSULVHVUHJDUGLQJWKHPDJQLWXGHRIFOLPDWHGDPDJH
6RWKHFKRLFH LQYROYHVEDODQFLQJ WKHHFRQRPLF ULVNVRI UDSLGDEDWHPHQWQRZ
WKDWSUHPDWXUH FDSLWDO VWRFN UHWLUHPHQW ZLOO ODWHU EH SURYHQ XQQHFHVVDU\
DJDLQVWWKHFRUUHVSRQGLQJULVNVRIGHOD\WKDWPRUHUDSLGUHGXFWLRQZLOOWKHQEH
UHTXLUHGQHFHVVLWDWLQJSUHPDWXUHUHWLUHPHQWRIIXWXUHFDSLWDO
7KHEDODQFH RI WKH ULVNV GHVFULEHG DERYH LV DERYH DOO DQ HPSLULFDO
TXHVWLRQVRLWPDNHVVHQVHWRWU\WRUHSUHVHQWWKHGLVFXVVLRQZLWKDQXPHULFDO
PRGHO7KHIROORZLQJVHFWLRQGHVFULEHVRXUH[SHULHQFHZLWK0DWKHPDWLFDDQG
VXFKDPRGHOZHFDOOHG',$0DFURQ\PVWDQGLQJIRUD0RGHORQWKH'\QDPLFV
RI,QHUWLDDQG$GDSWDELOLW\LQHQHUJ\V\VWHPV7KHSXUSRVHRI',$0OLHVQRW
LQLWVSUHGLFWLYHSRZHU:HEXLOGLWWRVHUYHDVDJXLGHIRUWKRXJKWZHZDQWHG
WRKLJKOLJKW WKH UROH RI LQHUWLD DQG DGDSWDELOLW\ LQ HQHUJ\ V\VWHPV 7KLV
LOOXVWUDWHVWKHGLIIHUHQFHEHWZHHQRSWLPLVDWLRQPRGHOVDQGVLPXODWLRQPRGHOVD
SRLQWZHZLOODGGUHVVLQWKHWKLUGVHFWLRQRIWKLVSDSHU
$PRGHORIRSWLPDOJOREDOSROOXWLRQFRQWURO
)LUVWUDWKHUWKDWDWHFKQLFDOH[SODQDWLRQIRUHFRQRPLVWVRIWKHHQYLURQPHQWZLOO
WU\WRJLYHDQLQWXLWLRQRQZKDW',$0GRHV7KHQZHZLOOH[SRVHRXUSHUVRQDO
MRXUQH\WKURXJK WKH VXFFHVVLYH YHUVLRQV RI WKH PRGHO D SDWK WKDW OHG XV WR
FRPSOHPHQW0DWKHPDWLFDZLWKDQRWKHUSURJUDPPLQJODQJXDJH*$06
',$0IXOO\ GHILQHG  FRPSXWHV WKH HPLVVLRQV UHGXFWLRQ SDWK
[WWWKDWPLQLPLVHVWKHGLVFRXQWHGVXPRIWKHWRWDOFRVWDVVRFLDWHGWRWKH
JUHHQKRXVHLVVXH ,W KDV ILYH SDUDPHWHUV DQ RSWLRQDO SDUDPHWHU DQG DQ
HQGRJHQRXVYDULDEOH 7KH RSWLRQDO SDUDPHWHU UHI(PLVW UHSUHVHQWV WKH &2
HPLVVLRQVLQ D VFHQDULR ZLWKRXW LQWHUYHQWLRQ WR UHGXFH JUHHQKRXVH JDVHV
HPLVVLRQVWKH\ DUH SURMHFWHG WR JURZ DW D UDWH RI  D \HDU IURP WKH 
ILJXUHRI*LJDWRQV7KHHQGRJHQRXVYDULDEOHLV[ LWV LQWHUSUHWDWLRQLV WKDW
&2HPLVVLRQV DW GDWH W DUH JLYHQE\  [W UHI(PLVW 3DUDPHWHUVKDYH
GLIIHUHQWHFRQRPLF LQWHUSUHWDWLRQV UHODWHG WRGLVFRXQWLQJ GLVFRXQW WHFKQLFDO
SURJUHVVWHFK3URJ WKH FRVW RI UHGXFLQJ&2 HPLVVLRQV D DQGE DQG WKH
GDPDJHRIFOLPDWHFKDQJHF
7KHUHVXOWV FXUYHV  UHSUHVHQW [W IRU WKH QH[W KDOI RI D FHQWXU\ 7KH
ODUJHULV[WKHWLJKWHULVWKHFRQWURORQJUHHQKRXVHJDVHVHPLVVLRQV7KHWKLFN
FRQWLQXRXVOLQHFXUYHUHSUHVHQWVWKHUHIHUHQFHFDVH)RUWKDWFDVHWKHRSWLPDO
SDWKUHGXFHV&2HPLVVLRQVE\DERXWLQ/HWXVVHHWKHVHQVLWLYLW\RI
WKHUHVXOWVWRGLVFRXQWLQJWHFKQLFDOSURJUHVVDQGFOLPDWHGDPDJH7KHGDVKHG
OLQHZLWK ORQJGDVKHV UHSUHVHQWV WKHGLVFRXQW UDWH FDVH+LJKGLVFRXQWLQJ
GHFUHDVHWKH LPSRUWDQFH RI WKH IXWXUH DQG WKHUHIRUH RI FOLPDWH GDPDJH ,W LV
WKHUHIRUHQDWXUDO WR ILQG D FXUYHEHORZ WKH FHQWUDO FDVH ,W LV DOVR VHQVLEOH WR
ILQGWKDW ZKHQ FOLPDWH GDPDJHV F DUH GRXEOHG RSWLPDO UHGXFWLRQ LQFUHDVHV
VLJQLILFDQWO\WKLQFRQWLQXRXVOLQH:LWKDODUJHUUDWHRIWHFKQLFDOSURJUHVVWKH
FRVWVRI UHGXFLQJ HPLVVLRQV GHFUHDVHV RYHU WLPH DQG WKHUHIRUH WKH RSWLPDO
UHGXFWLRQSURJUHVVLYHO\LQFUHDVHVGDVKHGOLQHVKRUWGDVKHV)RUPRUHGHWDLOV
WKHGLVFXVVLRQ DERXW LQHUWLD DQG DGDSWDELOLW\ DQG KRZ WKH YDOXHV LQ  ZHUH
GHILQHGVHH*UXEE	DODQG+D'XRQJ	DO
)LUVWZH VROYHG WKH PRGHO DQDO\WLFDOO\ XVLQJ YDULDWLRQDO FDOFXOXV :H
DSSUHFLDWHGPXFK WKHDGDSWDELOLW\RI0DWKHPDWLFD ,Q WKHEHJLQQLQJ LW OHWXV
GHILQHRSWLPLVDWLRQSUREOHPZLWKPDQ\VLPSOHFRPPDQGV,QWKHHQGXVLQJWKH
DSSURSULDWHSDFNDJH OHG XV WR WKH YHU\ FRQFLVH IRUPXODWLRQ RI  7KLV ZD\
0DWKHPDWLFDKHOSHGXVWRXQGHUVWDQGWKHERRNVDERXWRSWLPLVDWLRQWKHRU\DQG
DERXWGLIIHUHQWLDO HTXDWLRQV 5HJDUGLQJ 0DWKHPDWLFD DV DQ LQWHJUDWHG
PRGHOOLQJHQYLURQPHQW ZH IRXQG LW HDVLHU WR XVH WKDQ VSUHDGVKHHWV ZKHQ LW
FDPHWRGUDZSORWVWKDWFRPSDUHGWKHUHVXOWVRIVHYHUDOPRGHOUXQV
6HFRQGZH VROYHG QXPHULFDOO\  $OWKRXJK WKH PRGHO GLG VDWLVI\ XV LQ
UHSUHVHQWLQJWKH GLVFXVVLRQ DERXW LQHUWLD DGDSWDELOLW\ DQG WHFKQLFDO SURJUHVV
ZKHQZH VXEPLWWHG IRUSXEOLFDWLRQ WKH UHIHUHHVDUJXHG WKDWZHKDG WR MXVWLI\
RXUFKRLFH RI DQ DQDO\WLFDOO\ H[DFW VROXWLRQ RYHU D QXPHULFDO VROXWLRQ
6XUSULVHGDW ILUVW ZH VRRQ UHFRJQLVHG WKDW QXPHULF RSWLPLVDWLRQ KDV UHDO
DGYDQWDJHV%HLQJPXFKOHVVUHVWULFWHGLQWKHVKDSHRIIXQFWLRQVLQWKHPRGHO
DOORZVWRUHOD[PDQ\XQQHFHVVDU\K\SRWKHVLV:HXVHG0DWKHPDWLFDZLWKWKH
JRDOWR LQWHJUDWH HYHU\WKLQJ IURP WKHQXPHULF YDOXHV WR WKH JUDSKLFV LQ RQH
ILOH8QIRUWXQDWHO\ ZH FRXOGQ
W DFKLHYH WKDW JRDO :H PLVVHG PRVW LQ
0DWKHPDWLFD D ZRUG SURFHVVRU WKDW FRXOG KDQGOH PDWKHPDWLFDO ZULWLQJ
FRUUHFWO\:ULWLQJ WKH SDSHU DQG WKH FRGH VHSDUDWHO\ LPSOLHV WLPH FRQVXPLQJ
DQGWHGLRXVYHULILFDWLRQVIRUYHUVLRQHUURUV
7KLUGXQFHUWDLQW\ZDVLQWURGXFHG %\WKHWLPHZHFRPSOHWHGWKHQXPHULF
YHUVLRQRI',$03URIHVVRU$ODQ0DQQHIURPWKH6WDQIRUG2SWLPLVDWLRQ
/DERUDWRU\ZDVOHDGLQJDVWXG\RQFOLPDWHFKDQJHDQGRSWLPDOVWUDWHJLHVXQGHU
XQFHUWDLQW\)XWXUHGHFLVLRQVZLOODGDSWWRWKHQHZILQGLQJVRIFOLPDWHVFLHQFH
7RUHSUHVHQWWKLVLQPRGHOVRQHKDYHWRFRQVLGHUVHTXHQWLDOGHFLVLRQPDNLQJ
0DWKHPDWLFDOO\WKDW OHDGV WR WKH WKHRU\RI VWRFKDVWLFG\QDPLFSURJUDPPLQJ
3U0DQQHKHZDVDEOHWRTXLFNO\UHZULWHRXUPRGHOLQWKDWIUDPHZRUN+HXVHG
WKH*HQHUDO$OJHEUDLF0RGHOOLQJ6\VWHPGHVFULEHGE\%URRNH	DONQRZQ
DVWKH *$06 FRPSXWHU ODQJXDJH 7KDW KLJK OHYHO ODQJXDJH LV VSHFLDOLVHG
HIILFLHQWDQGDOORZVWRVSHFLI\RSWLPLVDWLRQSURJUDPVLQDIRUPHDVLO\UHDGDEOH
E\PRVWKXPDQHFRQRPLVWV
)RXUWKZH UHZURWH FRPSOHWHO\ ',$0 ZLWK 0DWKHPDWLFD DV D FRVW
FRQVWUDLQWDQDO\VLVZLWKXQFHUWDLQW\%XWWRDFHUWDLQH[WHQG*$06ZRUNV
PRUHOLNHPDJLFWKDQOLNHPDWKHPDWLFV7KHUHDUHQRJDUDQWHHWKDWWKHRSWLPXP
IRXQGLV JOREDO QRU WKDW LW LV XQLTXH QRU WKDW LW ZLOO EH IRXQG %HLQJ QRW
VSHFLDOLVWVLQWKHVROYHUZHXVHGZHKDGQRLGHDRQKRZWKHFRPSXWHUIRXQGLWV
VROXWLRQ$FORVHVHDUFKRQWKHLQWHUQHWRQRSWLPLVDWLRQDQG0DWKHPDWLFD\LHOG
XVDIHZUHVRXUFHVRQRSWLPLVDWLRQQRWLFHDEO\9DULDQDQG&XOLROLEXWWKHUH
VHHPVWR EH QR UHDG\PDGH SDFNDJH IRU QXPHULF VWRFKDVWLF G\QDPLF
SURJUDPPLQJ5HZULWLQJWKHPRGHOIRUFHGXVWRDPRUHULJRURXVPDWKHPDWLFDO
DQDO\VLVRIWKHPRGHO,WDOVRHQDEOHGVRPHPLQRULPSURYHPHQWVOLNHYDULDEOH
ZLGWKWLPHVWHSVDQGFRQYROXWLRQVGHOLFDWHWRFRGHLQ*$06
)LIWKZHPDGHFRVWEHQHILWDQDO\VLVZLWKXQFHUWDLQW\DQGQRQOLQHDULW\,Q
WKHSUHFHGLQJ YHUVLRQ ZH DVVXPHG WKDW LQ \HDU  D &2 FRQFHQWUDWLRQ
FHLOLQJZLOOEHHQIRUFHG7KHXQFHUWDLQW\ZDVWKDWZHGRQ
WNQRZDWZKDWOHYHO
WKHFHLOLQJZLOOEHVHW%XWWKHLGHDRIDFRQFHQWUDWLRQFHLOLQJLVTXHVWLRQDEOH,W
LVXQUHDOLVWLFDQGHFRQRPLFDOO\LUUDWLRQDOWRLPSRVHDFRQVWUDLQWWREHUHVSHFWHG
DWDOOFRVW)RUH[DPSOHZHFRXOGUHDOLVHWKDWWKHVDIH&2FRQFHQWUDWLRQLV
SDUWVSHUPLOOLRQ LQ YROXPH SSPY DV WKHSUHLQGXVWULDO OHYHOZDV DERXW 
SSPY3UHVHQW&2FRQFHQWUDWLRQLVSSPY,WZLOO LQFUHDVHPRUHDVPDQ\
FRXQWULHVLQGXVWULDOLVH 6R LIZH GHFLGH WR VWDELOLVH&2 FRQFHQWUDWLRQ DW 
SSPYLWLVSRVVLEOHWRLPDJLQHDWHPSRUDU\RYHUVKRRWRYHUWKDWOHYHO
7RUHSUHVHQWDGDPDJHIURPFOLPDWHFKDQJHVXGGHQO\LQFUHDVLQJZKHQ
WKH&2FRQFHQWUDWLRQJRHVDERYHSSPYLWLVQHFHVVDU\WRXVHDIXQFWLRQ
WKDWLVYHU\QRQOLQHDU&KDQJLQJWKH*$06FRGHWRUHSODFHDKDUGFRQVWUDLQWE\
DQRQOLQHDUSHQDOW\IXQFWLRQZDVHDV\DQGGLGQRWLQFUHDVHGUXQWLPHPXFK2Q
WKHRWKHUKDQGRXU0DWKHPDWLFDFRGHZDVDOUHDG\UDWKHUVORZLQVSLWHRIWKH
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